INTRODUCTION
in portal hypertension or portal thrombosis. While cases of portal thrombosis after autologous islet transplantation have been reported, the relationship between tissue Total pancreatectomy followed by autologous islet transplantation is an excellent option for the treatment volume and complications has been unclear (7, 20) . Therefore, it is important to clarify the relationship of chronic pancreatitis with severe abdominal pain (7, 15, 16) . Traditionally, for autologous islet transplanta-between tissue volume and complications related to autologous islet transplantation. tion, chronically damaged pancreata with a limited amount of exocrine tissue have been digested for islet In addition, it has been demonstrated that the function of transplanted islets is associated with the transplanted isolation without purification (4). However, the amount of exocrine tissue could be large, and this could result islet yields (1) . In the process of islet purification, islets 626 MATSUMOTO ET AL.
are inevitably lost; therefore, avoiding purification is (basal) and during islet infusion. The highest portal pressure (maximum) and portal pressure at the end of islet advantageous in achieving excellent islet function. On the other hand, the avoidance of purification is associ-infusion (final) were recorded. The difference between the basal and the maximum portal pressure was calcu-ated with high tissue volume, which might be a risk factor for portal hypertension or portal thrombosis after lated (delta portal pressure). When the portal pressure exceeded 22 mmHg, the infusion was halted until the autologous islet transplantation. Therefore, it is also important to assess the impact of islet purification on portal pressure decreased (18) . If the portal pressure did not decrease and islet transplantation was not completed, the clinical outcomes of autologous islet transplantation.
In this study, we retrospectively analyzed our 27 the case was categorized as an incomplete islet transplantation. An incomplete islet transplant was consid-cases of autologous islet transplantation to determine the impact of tissue volume and islet purification on islet ered a complication of portal hypertension. characteristics and clinical outcomes.
Assessment of Clinical Outcomes
Clinical outcomes were assessed by insulin secretory MATERIALS AND METHODS ability from islets and clinical manifestation as described Autologous Islet Transplantation previously (19) . In brief, when the C-peptide value was below the detection level of the assay (0.1 ng/ml), the This institutional review board-approved study islet function was defined as "no function." When a involved a retrospective review of 27 cases of autolopatient achieved insulin independence, the islet function gous islet transplantation after total pancreatectomy perwas defined as "full function." Insulin independence formed at Baylor University Medical Center at Dallas was defined as receiving no exogenous insulin for 2 from October 2006 to January 2011. Islet isolation was weeks or longer with excellent glycemic control by capperformed in the current good manufacturing practice illary blood glucose measurements, according to the facility at the Baylor Institute for Immunology Research report of the Collaborative Islet Transplant Registry (3). in Dallas. University of Wisconsin solution was used for Cases that did not meet the criteria for no function or pancreas preservation in the initial three cases, and the full function were classified as partial function. oxygen-charged static two-layer method (11) was used Both before and after autologous islet transplantation, for all other cases. Ductal injections (9) were performed the flow of the portal vein was assessed by Doppler in all cases except the initial two. Liberase HI (Roche, echogram. When portal flow was not detected by Dopp-Indianapolis, IN), Collagenase NB with neutral proteler echogram after transplantation, portal thrombosis ases (SERVA Electrophoresis GMbH, Heidelberg, was diagnosed. Portal thrombosis is considered a com-Germany), or Liberase MTF (Roche) was infused into plication related to autologous islet transplantation. To the main pancreatic duct for pancreas distension. Islets assess liver function, we measured patients' serum levwere isolated by the modified Ricordi method (8, 14, 17) . els of released transaminases. When tissue volume exceeded approximately 15-20 ml, islets were purified with a COBE 2991 cell processor Statistical Analysis (CaridianBCT, Inc., Lakewood, CO) using a density-Data analyses were performed using SPSS 18.0 adjusted iodixanol-based continuous density gradient (SPSS, Chicago, IL). The relation between tissue vol-(12,13). The final preparation of islets was assessed by ume and portal pressure was analyzed using simple linusing dithizone staining (Sigma Chemical Co., St. Louis, ear regression. The averages of two groups were MO) for islet yield and purity (6). The islet yield was analyzed using the two-tailed t-test. The ratios of two converted into a standard number of islet equivalents groups were compared using Fisher's exact test or chi-(IEQ, diameter standardizing to 150 µm) (10). Islet viasquare test. A value of p < 0.05 was considered statistibility was evaluated with fluorescein diacetate (10 µmol/ cally significant. Values are shown as mean ± SE. L) and propidium iodide (15 µmol/L) staining (10). The average viability of 50 islets was calculated. The tissue RESULTS volume before and after purification was measured using Relationship Between Tissue Volume, Portal Pressure, a conical tube with a scale. The final products were and Liver Function assessed for sterility by the amount of endotoxin, gram staining, and bacterial and fungal cultures.
No correlation was found between tissue volume and basal portal pressure before islet infusion ( Fig. 1A) , but Isolated islets were infused into the portal vein via the mesenteric vein with heparin (70 U/kg body weight) there was a significant correlation between tissue volume and final, maximum, and delta portal pressure (Fig. while the patient was under general anesthesia (18) . Portal vein pressure was monitored before islet infusion 1B-D), with the highest correlation for the delta portal pressure. There was a weak but significant correlation differences in gender, age, height, body weight, and pancreas weight, but those in the complication group had a between tissue volume and blood levels of released liver enzymes ( Fig. 2A ). However, there were no significant significantly higher body mass index. The complication group had a significantly higher pellet size, final islet correlations between the blood levels of released liver enzymes and portal pressure, including final, maximum, yield, and final islet yield per pancreas weight. There was no significant difference in purity and viability and delta portal pressure ( Fig. 2B-D) .
between the two groups.
Impact of Complications
Regarding portal pressure, there was no significant difference in the basal portal pressure, but maximum, Four patients suffered a total of five complications associated with islet infusion, including two cases of final, and delta portal pressures were significantly higher in the complication group. This result suggests that a portal hypertension with incomplete transplantation and three cases of portal thrombosis. One case had both por-high tissue volume resulted in high portal pressure, which caused complications. tal hypertension with incomplete transplantation and portal thrombosis. We categorized those four patients as
In the complication group, one patient achieved insulin independence (25%) and three patients had partial the complication group and the other 23 patients as the noncomplication group. Table 1 compares the character-function. In the noncomplication group, 11 patients achieved insulin independence (49%) and 12 patients istics and outcomes of complication cases and noncomplication cases. The two groups had no significant had partial function. There was no primary nonfunction in either group. There was no significant difference in of islet purification depended on prepurification tissue volume, the prepurification tissue volume was signifi-islet function between the two groups. Since the average islet yield was significantly higher in the complication cantly higher in the purification group. After purification, there was no significant difference in tissue volume group, a 25% insulin independence rate seems unexpectedly low.
between the two groups. Before purification, both islet yield and islet yield per pancreas weight were signifi-Regarding sterility, the complication group had no positive bacteria and fungal cultures, while the noncom-cantly higher in the purification group. After purification, islet yield was still significantly higher in the plication group had five cases of positive bacterial culture and one case of positive fungal culture. This result purification group. Purity was significantly higher in the purification group, and viability was similar between was not statistically significant.
the two groups.
Impact of Islet Purification
In analyzing the effect of purification on portal pressure, no significant differences were seen in basal, maxi- Table 2 compares the characteristics and outcomes of the 13 purification cases and 14 nonpurification cases. mum, and final portal pressure between the two groups. The delta portal pressure was higher in the purification There were no significant differences in gender, age, height, weight, and body mass index between the two group, but the difference was not significant. Overall, purification had no significant impact on portal pressure groups; however, pancreas weight was significantly heavier in the purification group. Since the indication during autologous islet transplantation.
Seven out of 13 patients (53.8%) in the purification previous findings. In addition, tissue volume was weakly but significantly correlated with released liver enzymes. group and 5 out of 14 patients (35.7%) in the nonpurification group achieved insulin independence. In term of Therefore, high tissue volume could be a risk factor for complications of autologous islet transplantation. Of sterility, the ratio of positive bacterial culture was 2/13 (15.4%) in the purification group and 3/14 (21.4%) in note, we assessed the relationship between the duration of chronic pancreatitis versus islet yields and tissue vol-the nonpurification group. The ratio of positive fungal culture was 1/13 (7.7%) in the purification group and 0/ umes to explore the optimal timing for autologous islet transplantation. However there were no correlations 14 (0%) in the nonpurification group. In terms of islet infusion-related complication, the ratio of portal throm-between the duration of chronic pancreatitis versus islet yields (R = 0.015, p = 0.94) and tissue volumes (R = bosis was 1/13 (7.7%) in the purification group and 2/ 14 (14.3%) in the nonpurification group. The ratio of 0.128, p = 0.541). Next, we compared the complication group to the incomplete transplant was 1/13 (7.7%) in the purification group and 1/14 (7.1%) in the nonpurification group.
noncomplication group to clarify the characteristics of complication cases. The complication group had signifi-None of these differences were statistically significant.
cantly higher tissue volume and high maximum, final, DISCUSSION and delta portal pressures. It seems reasonable to believe that high tissue volume causes high portal pressure, In this study, we demonstrated that tissue volume was significantly correlated with portal pressure during which results in complications. In addition, the complication group had a significantly higher body mass index autologous islet transplantation. Delta portal pressure in particular was most closely correlated with tissue vol-and higher islet yield. Recently, we demonstrated that a high body mass index was associated with high islet ume. Previously, Sutherland et al. demonstrated that a large volume of transplanted tissue significantly increased yield and high tissue volume in autologous islet transplantation (19) . Thus, high body mass index should be final portal pressure (16) . Our findings confirmed these considered a risk factor for complications of autologous Therefore, it seems reasonable to perform islet purification when the tissue volume is large for autologous islet islet transplantation due to high tissue volume. On the other hand, high body mass index is also associated with transplantation. The University of Minnesota group indicated that it performs islet purification when tissue vol-high islet yield. Indeed, the complication group had significantly higher islet yield. However, only 25% of ume is >20 ml (16) . However, in this study, the average tissue volume of the complication group was 16.9 ml. patients achieved insulin independence in the complication group, even though the transplanted islet yield was According to our data, currently we perform islet purification when tissue volume is >15 ml. significantly higher than in the noncomplication group. In addition, when patients had portal thrombosis, none Finally, we analyzed the effect of islet purification on islet characteristics and clinical outcomes to identify the of three patients achieved insulin independence, even though all received >480,000 IEQ. In sharp contrast, potential negative impact of islet purification. Since islet purification was performed based on tissue volume, the when patients received >480,000 IEQ in the noncomplication group, 5 out of 7 patients (71%) achieved insu-purification group had significantly higher tissue volume and a higher islet yield. Importantly, even after purifica-lin independence (p < 0.04, complication group vs. noncomplication group). This result suggests that com-tion, the islet yield was still significantly higher in the purification group. In addition, the purification group plications have a negative impact on islet function.
